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(57) ABSTRACT

Method for monitoring molten state of a glass batch charged
into a melting bath of a glass melting furnace, and a method
and control device for controlling an amount of a glass batch
to be so charged. Regions to be measured are set in regions
corresponding to particular partial regions on an image
obtained by capturing an image of a liquid surface of the bath
to be monitored using a camera. The occupying ratio of an
area occupied by image portions representing unmolten glass
batches in each region, and a distribution state of the batches
in the partial region is recognized from the measured value of
the occupying ratios so as to determine whether the molten
state quality of the batch is favorable. When the determined
quality is not favorable, the amounts thereof to be charged by
batch chargers are controlled so that appropriate distribution
states can be obtained.
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1
METHOD FOR MONITORING GLASS
MELTING FURNACE, METHOD FOR
CONTROLLING INTRODUCTION OF RAW
MATERIAL, AND DEVICE FOR
CONTROLLING INTRODUCTION OF RAW
MATERIAL

FIELD

The present invention relates to a glass melting furnace for
producing molten glass to be supplied to a glass product
forming machine such as a bottle making machine. In par-
ticular, the present invention relates to a glass melting furnace
monitoring method for monitoring a molten state of a glass
batch charged into a melting bath of a glass melting furnace
by a batch charger, a glass melting furnace batch charging
control method for controlling an amount of the glass batch to
be charged into the melting bath of the glass melting furnace
by the batch charger, and a device for controlling batch charg-
ing in a glass melting furnace used to implement the batch
charging control method.

BACKGROUND

A conventional glass melting furnace shown in FIG. 13
includes: a batch introducing port 101 for introducing a glass
batch into a melting bath 100 in the furnace; a plurality of
combustion ports 102 respectively communicated with com-
bustion burners not shown in the figure; and a derivation port
103 for introducing molten glass out from the melting bath
100. At a position outside the furnace corresponding to the
batch introducing port 101, a batch charger 104 is placed for
charging a glass batch into the melting bath 100 from the
batch introducing port 101 (see Patent Literature 1, for
example).

In another conventional glass melting furnace shown in
FIG. 14, the batch introducing ports 101, 101 and the com-
bustion ports 102, 102 are provided at horizontally symmetri-
cal positions, respectively, in an upstream region of the melt-
ing bath 100, and the batch chargers 104 are provided at
positions outside the furnace corresponding to the batch
introducing ports 101, respectively.

In each of the above-described glass melting furnaces, an
image-capturing device 105 is provided at a position above a
downstream region of the melting bath 100. The image-cap-
turing device 105 is to capture an image of an entire liquid
surface of the molten glass filled in the melting bath 100 from
an obliquely upward position, and the image obtained at the
image-capturing device 105 is shown on a monitoring televi-
sion 106. An operator manually adjusts the amount of the
glass batch to be charged by the batch charger 104 while
looking at the image on the monitoring television 106 to
monitor the charging state of the glass batch into the melting
bath 100.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-
Open No. Sho. 61-183126

SUMMARY
Technical Problem

According to the above-described glass melting furnaces,
an operator manually adjusts the amount of the glass batch to
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be charged by the batch charger 104 while looking at the
image on the monitoring television 106 to monitor the charg-
ing state of the glass batch into the melting bath 100 by the
batch charger and the molten state of the glass batch. Thus,
not only a workload for the operator is large, but also it is
difficult to optimally adjust the charging amount of the glass
batch since a skill is required to determine whether the charg-
ing amount of the glass batch is appropriate or not.

Moreover, according to the glass melting furnace shown in
FIG. 14, the charging amount of the glass batch to be made by
each of the batch chargers 104 needs to be adjusted individu-
ally. This type of adjusting operation is not easy, and there are
risks such that a judgment error, an adjustment error, a
delayed adjustment timing, or the like leads to an inhomoge-
neous distribution of unmolten glass batches and thus to
unevenness in the molten glass, thereby resulting in the insta-
bility of the glass product quality and the generation of
defects.

The present invention has been made in view of the above-
described problems and an object thereof is to provide a
method for monitoring a glass melting furnace capable of
determining whether the quality of the molten state of the
glass batch is favorable or not utilizing an image processing
technique without depending on a skilled operator, and opti-
mally adjusting the charging amount of the glass batch by
monitoring the molten state of the glass batch charged into the
melting bath of the glass melting furnace by the batch charger
on the basis of the distribution state of the unmolten glass
batches in a particular partial region.

Moreover, another object of the present invention is to
provide a method and a device for controlling batch charging
in a glass melting furnace, capable of preventing the occur-
rence of unevenness in the molten glass and therefore elimi-
nating risks of making the quality of glass products unstable
and generating defects by controlling the amount of the glass
batch to be charged into the melting bath by the batch charger
$0 as to obtain an appropriate distribution state of the unmol-
ten glass batches on the basis of the determination that the
quality of the molten state of the glass batch is not favorable.

Solution to Problem

A method for monitoring a glass melting furnace according
to the present invention is a method for monitoring a molten
state of a glass batch charged into a melting bath of a glass
melting furnace by a batch charger on the basis of a distribu-
tion state of unmolten glass batches in a particular partial
region, the method including: setting a region to be measured
in a region corresponding to the partial region on an image
obtained by capturing an image of a liquid surface of the
melting bath; measuring an occupying ratio of an area occu-
pied by image portions representing unmolten glass batches
in the region to be measured; and recognizing a distribution
state of the unmolten glass batches in the partial region from
the measured value and determining whether a quality of the
molten state of the glass batch is favorable or not.

In a preferred embodiment of the present invention, the
batch charger charges the glass batch into an upstream region
of'the melting bath; the regions to be measured are set respec-
tively in respective partial regions at horizontally symmetri-
cal positions in a region corresponding to the upstream region
on the image; respective occupying ratios of areas occupied
by image portions representing unmolten glass batches in the
respective regions to be measured are measured; and distri-
bution states of the unmolten glass batches in the respective
partial regions are recognized from a difference between
measured values of the occupied ratios.
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In acase where unmolten glass batches called “batch piles”
exist respectively in the partial regions at the horizontally
symmetrical positions in the upstream region of the melting
bath, a distribution amount of the unmolten glass batches in
each of the partial regions is reflected by an occupying ratio of
an area occupied by image portions representing the unmol-
ten glass batches within each of the regions to be measured on
the image. Thus, it is possible to determine whether the qual-
ity of the molten state of the glass batch is favorable or not,
which is attributed to whether the amount of the glass batch
charged into each of the partial regions by the batch charger is
appropriate or not, by recognizing a distribution state, i.e., a
degree of distribution unevenness, of the unmolten glass
batches in each of the partial regions from a difference
between the measured values of the occupying ratios of the
areas in the regions to be measured. Accordingly, without
depending on a skilled operator, it is possible to determine
whether the quality of the molten state of the glass batch is
favorable or not and to optimally adjust the charging amount
of the glass batch by the batch charger.

In another preferred embodiment of the present invention,
the batch charger charges a glass batch into divided regions in
an upstream region of the melting bath; the region to be
measured is set in a region corresponding to any one of the
divided partial regions on the image; an occupying ratio of an
area occupied by image portions representing unmolten glass
batches in the region to be measured is measured; and a
distribution state of the unmolten glass batches in the partial
region is recognized from a measured value of the occupied
ratio.

In a case where unmolten glass batches exist respectively
in the partial regions in the upstream region of the melting
bath, a distribution amount of the unmolten glass batches in
each of the partial regions is reflected by the occupying ratio
of the area occupied by the image portions representing the
unmolten glass batches within each of the regions to be mea-
sured on the image. Thus, it is possible to determine whether
the quality of the molten state of the glass batch is favorable
or not, which is attributed to whether the amount of the glass
batch charged into the partial region by the batch charger is
appropriate or not, by recognizing a distribution state of the
unmolten glass batches, i.e., a distributed state of glass
batches, in the partial region from the measured value of the
occupying ratio of the area in the region to be measured.
Accordingly, it is possible to determine whether the quality of
the molten state of the glass batch is favorable or not without
depending on a skilled operator, and to optimally adjust the
charging amount of the glass batch by the batch charger.

In yet another preferred embodiment of the present inven-
tion, the batch charger charges a glass batch into an upstream
region of the melting bath; the region to be measured is set in
a partial region within a region corresponding to a down-
stream region on the image; an occupying ratio of an area
occupied by image portions representing unmolten glass
batches in the region to be measured is measured; and a
distribution state of the unmolten glass batches in the partial
region is recognized from a measured value of the occupied
ratio.

In a case where unmolten glass batches exist in the partial
region within the downstream region of the melting bath, a
distribution amount of the unmolten glass batches in the
partial region is reflected by the occupying ratio of the area
occupied by the image portions representing the unmolten
glass batches within the region to be measured on the image.
Thus, it is possible to determine whether the quality of the
molten state of the glass batch is favorable or not, which is
attributed to various factors, by recognizing a distribution
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state of the unmolten glass batches, i.e., a degree of traveling
down of the unmolten glass batches in the partial region from
the measured value of the occupying ratio of the area. Accord-
ingly, it is possible to determine whether the quality of the
molten state of the glass batch is favorable or not without
depending on a skilled operator, and to take an optimal coun-
termeasure.

In a preferred embodiment, when it is determined that a
quality of a molten state of a glass batch is not favorable on the
basis of a distribution state of unmolten glass batches in a
partial region by performing any one of the above-described
monitoring methods, an alarm is actuated to inform a situa-
tion thereof.

According to this embodiment, the actuation of the alarm
makes an operator find out that the quality of the molten state
of'the glass batch is not favorable and it is therefore necessary
to take a countermeasure such as an inspection or operational
adjustment of the combustion burner or the batch charger.

According to a glass melting furnace batch charging con-
trol method of the present invention, when it is determined
that a quality of a molten state of a glass batch is not favorable
on the basis of a distribution state of unmolten glass batches
by performing any one of the above-described monitoring
methods, an amount of the glass batch to be charged into a
melting bath by a batch charger is controlled so that an appro-
priate distribution state can be obtained.

According to this invention, no unevenness occurs in the
molten glass in the melting bath, and it is thus possible to
eliminate risks of making the quality of glass products manu-
factured by the molten glass unstable and generating defects.

A glass melting furnace batch charging control device
according to the present invention is a device for controlling
a charging amount of a glass batch on the basis of a determi-
nation result for a molten state of a glass batch charged into a
melting bath of the glass melting furnace by a batch charger
determined on the basis of a distribution state of unmolten
glass batches in a particular partial region, the device includ-
ing: image-capturing means for capturing an image of a liquid
surface of the melting bath from a position above the melting
bath; area measuring means for setting a region to be mea-
sured in a region corresponding to the partial region on an
image obtained by the image-capturing means and measuring
an occupying ratio of an area occupied by image portions
representing unmolten glass batches in the region to be mea-
sured; determination means for recognizing a distribution
state of the unmolten glass batches in the partial region from
a measured value obtained by the area measuring means and
determining whether a quality of the molten state of the glass
batch is favorable or not; and control means for controlling an
amount of the glass batch to be charged into the melting bath
by the batch charger on the basis of the determination result
made by the determination means.

According to the glass melting furnace batch charging
control device described above, after the image of the liquid
surface of the melting bath is captured by the image-capturing
means from the position above the melting bath, the region to
be measured is set in the region corresponding to the partial
region on the image obtained by the image-capturing means
and the area measuring means measures the occupying ratio
of the area occupied by the image portions representing the
unmolten glass batches in the region to be measured. The
determination means recognizes the distribution state of the
unmolten glass batches in the partial region from the mea-
sured value obtained by the area measuring means, and deter-
mines whether the quality of the molten state of the glass
batch is favorable or not. The control means controls the
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amount of the glass batch to be charged by the batch charger
on the basis of the determination result made by the determi-
nation means.

In a preferred embodiment of the present invention, the
batch chargers are provided at horizontally symmetrical posi-
tions on both sides of an upstream region of the melting bath,
respectively. The area measuring means sets the regions to be
measured respectively in respective partial regions at hori-
zontally symmetrical positions in a region corresponding to
the upstream region on the image, and measures respective
occupying ratios of areas occupied by image portions repre-
senting unmolten glass batches in the regions to be measured.
The determination means recognizes distribution states of the
unmolten glass batches in the respective partial regions from
a difference between measured values obtained by the area
measuring means, and determines whether the quality of the
molten state of the glass batch is favorable or not.

According to the glass melting furnace batch charging
control device of the embodiment above, the batch chargers
charge the glass batch into the melting bath from the horizon-
tally symmetrical positions on both sides of the upstream
region of the melting bath. After the image of the liquid
surface of the melting bath is captured by the image-capturing
means from the position above the melting bath, the regions to
be measured are respectively set in the respective partial
regions at the horizontally symmetrical positions in the region
corresponding to the upstream region on the image. After the
occupying ratios of the areas occupied by the image portions
representing the unmolten glass batches in the regions to be
measured are measured respectively, the distribution states of
the unmolten glass batches in the respective partial regions
are recognized from a difference between the measured val-
ues, and it is then determined whether the quality of the
molten state of the glass batch is favorable or not, which is
attributed to whether the amounts of the glass batch charged
into the melting bath by the batch chargers are appropriate or
not.

There exist various methods for the determination means to
determine whether the quality of the molten state of the glass
batch is favorable or not, which is attributed to whether the
charging amount of the glass batch is appropriate or not.
According to one preferred embodiment, however, a differ-
ence between the occupying ratios of the areas occupied by
the image portions representing the unmolten glass batches in
the respective regions to be measured is compared with a
threshold to recognize the distribution states of the unmolten
glass batches in the respective partial regions and thereby
determine whether the quality of the molten state of the glass
batch is favorable or not, and the control means changes a
ratio ofthe charging amounts of the glass batch by the leftand
right batch chargers when the determination means makes a
determination that the quality of the molten state is not favor-
able.

In another preferred embodiment of the present invention,
the batch charger is provided so that it can charge a glass batch
into divided regions in an upstream region of the melting bath.
The area measuring means sets a region to be measured in a
region corresponding to anyone of the divided partial regions
on the image, and measures an occupying ratio of an area
occupied by image portions representing unmolten glass
batches in the region to be measured. The determination
means recognizes a distribution state of the unmolten glass
batches in the partial region from a measured value obtained
by the area measuring means, and determines whether the
quality of the molten state of the glass batch is favorable or
not.
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According to the glass melting furnace batch charging
control device of the embodiment above, the batch charger
charges a glass batch into the divided regions in the upstream
region of the melting bath. After the image of the liquid
surface of the melting bath is captured by the image-capturing
means from the position above the melting bath, the region to
be measured is set in the region corresponding to any one of
the divided partial regions on the image obtained by the
image-capturing means. After the occupying ratio of the area
occupied by the image portions representing the unmolten
glass batches in the region to be measured is measured, the
distribution state of the unmolten glass batches in the partial
region is recognized from the measured value, and it is then
determined whether the quality of the molten state of the glass
batch is favorable or not, which is attributed to whether the
amount of the glass batch charged into the melting bath by the
batch charger is appropriate or not.

There exist various methods for the determination means to
determine whether the respective amounts of the glass batch
charged in the batch charging directions are appropriate or
not. According to one preferred embodiment, however, the
occupying ratio of the area occupied by the image portions
representing the unmolten glass batches in the region to be
measured is compared with a threshold to recognize the dis-
tribution state of the glass batch in the partial region and
thereby determine whether the quality of the molten state of
the glass batch is favorable or not, and the control means
controls the amount of the glass batch to be charged into each
of the partial regions by the batch charger when the determi-
nation means makes a determination that the quality of the
molten state is not favorable.

Advantageous Effects of Invention

According to the present invention, the molten state of the
glass batch charged into the melting bath of the glass melting
furnace by the batch charger is monitored on the basis of the
distribution state of the unmolten glass batches in the particu-
lar partial region. Thus, it is possible to determine whether the
quality of the molten state of the glass batch is favorable or not
utilizing the image processing technique without depending
on a skilled operator, and to optimally adjust the charging
amount of the glass batch. Accordingly, a workload for an
operator can be reduced.

Moreover, on the basis of a determination that the quality
of the molten state of the glass batch is not favorable, the
amount of the glass batch to be charged into the melting bath
by the batch charger is controlled so that an appropriate
distribution state of the unmolten glass batches can be
obtained. It is therefore possible to prevent the occurrence of
unevenness in the molten glass in the melting bath, the insta-
bility of the glass product quality, the generation of defects,
and the like.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a horizontal cross-sectional view of a glass melt-
ing furnace according to an embodiment.

FIG. 2 is a cross-sectional view taken along the line X-X in
FIG. 1.

FIG. 3 is an elevation view showing the configuration of a
batch charger.

FIG. 4 is aplan view showing the configuration of the batch
charger.

FIG. 5 is a timing chart for swing motions of the batch
charger.
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FIG. 6 is a horizontal cross-sectional view of a glass melt-
ing furnace according to another embodiment.

FIG. 7 is an explanatory diagram showing monitored
regions on a liquid surface of a melting bath and regions to be
measured on an image in an overlapping manner.

FIG. 8 is an explanatory diagram showing other monitored
regions on a liquid surface of a melting bath and other regions
to be measured on an image in an overlapping manner.

FIG. 9 is an explanatory diagram showing the outline of a
control system of a glass melting furnace.

FIG. 10 is a block diagram showing the configuration of a
control device.

FIG. 11 is a flow chart showing a control flow of an image
processing device.

FIG. 12 is a timing chart showing image download timing.

FIG. 13 is a horizontal cross-sectional view showing the
configuration of a melting bath in a conventional glass melt-
ing furnace.

FIG. 14 is a horizontal cross-sectional view showing the
configuration of a melting bath in another conventional glass
melting furnace.

DESCRIPTION OF EMBODIMENTS

FIGS. 1 and 2 show the configuration of a glass melting
furnace 1 to which the present invention is applied. The glass
melting furnace 1 exemplified in the figures includes furnace
walls formed by a heat insulating material such as fire bricks.
The glass melting furnace 1 includes a melting section 10 for
heating and melting a glass batch, and a clarifying section 11
for temporarily retaining and clarifying molten glass flowed
thereto from the melting section 10 via a communication
passage 12. The molten glass retained in the clarifying section
11 is sent to a bottle making machine through an outflow
passage 13.

Provided to the melting section 10 are a melting bath 2 for
melting a glass batch and retaining the obtained molten glass;
a pair of batch introducing ports 15[, and 15R provided at
symmetrical positions on left and right side walls 14 of the
melting section 10 for introducing the glass batch into the
melting bath 2; and a pair of combustion ports 171 and 17R
provided at horizontally symmetrical positions on a front wall
16 of the melting section 10 for introducing combustion flame
f of a pair of combustion burners 3L. and 3R into the furnace
and introducing exhaust gas out from the furnace. In this
embodiment, in order to efficiently utilize a combustion heat,
if the combustion flame f is introduced out from one of the
combustion ports 171 and 17R, exhaust gas is collected from
the other one of the combustion ports 171, and 17R and the
recovered heat of the gas is used to preheat combustion air.

Batch chargers 41, and 4R for charging the glass batch into
an upstream region of the melting bath 2, i.e., a region closer
to the front wall 16, from the respective batch introducing
ports 151, and 15R are placed at positions outside the furnace
corresponding to the batch introducing ports 151. and 15R. An
image-capturing device 6 for capturing an image of a liquid
surface 7 of the molten glass filled in the melting bath 2 from
anobliquely upward position is placed at an upper position on
a back wall 18 of the melting bath 2. Video signals outputted
from the image-capturing device 6 are sent to a monitoring
television 60 to be described later so that a color video is
displayed thereon, and still images obtained by the video
signals are loaded into an image processing device 61. Note
that the image to be obtained is not limited to a color image,
and it may be a monochrome image. An operator can check a
molten state and a charging state of the glass batch into the
melting bath 2 from a screen of the monitoring television 60.

10

15

20

25

30

35

40

45

50

55

60

65

8

Although FIGS. 3 and 4 show a specific configuration of
the respective batch chargers 41. and 4R used in the present
embodiment, it is to be understood that the respective batch
chargers 4. and 4R are not limited to those of the present
embodiment. The batch chargers 41, and 4R exemplified in
the figures each include: a rotating table 40 horizontally sup-
ported so as to be rotatable in forward and reverse directions;
a swing motion mechanism 41 for making the rotating table
40 swing over a certain angular range 6 and stop at a prede-
termined angular position for a predetermined amount of
time; and a batch feeding mechanism 42 mounted on the
rotating table 40 for feeding the glass batch into the melting
bath 2 from the batch introducing port 15L or 15R.

The batch feeding mechanism 42 includes a hopper 44 for
receiving and temporarily retaining the glass batch supplied
from an electromagnetic feeder 43 not shown in these figures
(shown in a block diagram of FIG. 10 to be described later);
and a pusher mechanism 5 for pushing out the glass batch
discharged from a batch discharging port 44a provided at a
lower end of the hopper 44 into the melting bath 2 from the
batch introducing port 150 or 15R.

The pusher mechanism 5 has a pusher 50 for reciprocating
at a certain stroke below the batch discharging port 44a of the
hopper 44. The pusher 50 has a plate-like body of a curved
shape, and has a pushing face 51 at a front edge face thereof
for pushing out the glass batch forward. Abase end portion of
the pusher 50 is supported by support arms 52, 52 provided at
both right and left sides thereof so as to be capable of recip-
rocating, and is connected to a pusher drive mechanism 53.

The pusher drive mechanism 53 includes: a pusher motor
54 serving as a driving source; a gear reducing mechanism 56
connected to a motor shaft 54a of the pusher motor 54 via a
power transmission mechanism 55 such as a transmission
belt; and a power conversion mechanism 58 connected to an
output shaft 57 of the gear reducing mechanism 56 for con-
verting a rotational motion to a reciprocating motion to be
transmitted to the pusher 50. A charging amount of the glass
batch into the melting bath 2 is proportional to the number of
reciprocating motions (reciprocation speed) of the pusher 50
per unit time, and the number of reciprocating motions is
determined by the rotational speed (the number of rotations)
of the pusher motor 54. Although a charging amount of the
glass batch is adjusted by changing the rotational speed of the
motor 54 in this embodiment, it may be adjusted by changing
a frequency of the electromagnetic feeder 43.

The swing motion mechanism 41 uses a swing motion
motor not shown in the figure as a driving source. The swing
motion mechanism 41 allows a rod 45 to reciprocate by a
certain distance S in accordance with the rotation of the swing
motion motor and allows the rotating table 40 to swing in the
forward and reverse directions over the certain angular range
0. In order to make the rotating table 40 stop at predetermined
three angular positions, an angular position detector 47 com-
posed of three limit switches 46a, 465, and 46¢ are provided
along the periphery of the rotating table 40.

At an angular position where the central limit switch 465 of
the three limit switches is turned ON, the batch charging
direction by the pusher 50 corresponds to a direction shown
by B in the figure. At an angular position where the limit
switch 464 at one end is turned ON, the batch charging direc-
tion by the pusher 50 corresponds to a direction shown by A
in the figure. At an angular position where the limit switch 46¢
at the other end is turned ON, the batch charging direction by
the pusher 50 corresponds to a direction shown by C in the
figure.

In this embodiment, in order to allow the glass batch to be
charged into divided regions in the upstream region of the
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melting bath 2, the batch feeding mechanisms 42 of the batch
chargers 41 and 4R are made to perform swing motions so as
to change the batch charging direction thereof. However, the
present invention is not limited thereto, and the batch may be
charged in a fixed direction without allowing the swing
motions.

As shown in FIG. 5, every time each of the limit switches
46a 1o 46¢ is turned ON, the driving of a swing motion motor
48 is stopped so that the swing motion of the rotating table 40
is stopped and placed at an assigned position. During this
period, the pusher 50 reciprocates so as to charge the glass
batch into the melting bath 2. The charging amounts (distri-
bution amounts) of the glass batch in the batch charging
directions A to C are respectively determined by the number
of reciprocating motions by the pusher 50 during swing
motion stop periods T, to T ... Thus, if the reciprocation speed
of the pusher 50 is constant, the charging amounts are pro-
portional to time lengths of the swing motion stop periods T,
to T,. The swing motion stop periods T, to T are set in a
timer 84 to be described later (shown in the timing chart of
FIG. 5 and the block diagram of FIG. 10) and timed.

A batch charging period T during which the batch chargers
41, and 4R make one reciprocating motion over the certain
angular range 0 is equal to T,+2Tz+T . The batch charging
period T is set constant, and the number of rotations of the
pusher motor 54 is changed on the basis of a detection signal
from a liquid surface sensor S2 to change the charging
amount (total amount) of the glass batch. The swing motion
stop periods T, to T, are changed according to a second
method to be described later to change the charging amounts
(distribution amounts) of the glass batch in the respective
batch charging directions A to C.

Note that the glass melting furnace 1 to which the present
invention is applied is not limited to that having the configu-
ration of FIG. 1, and it may have a batch introducing port only
atone of the left and right positions. Alternatively, it may have
a configuration in which a plurality of batch chargers 4 are
arranged side by side as shown in FIG. 6.

The glass melting furnace 1 of FIG. 6 includes: the batch
introducing port 15 provided at the front wall 16 of the melt-
ing section 10 for introducing the glass batch into the melting
bath 2; and the combustion ports 171 and 17R provided at the
left and right side walls 14, 14 for introducing combustion
flame of the combustion burners 3L and 3R into the furnace
and introducing exhaust gas out from the furnace. A plurality
of batch chargers 4A to 4D for charging the glass batch into
divided regions at the upstream position of the melting bath 2
from the batch introducing port 15 are placed side by side at
a position outside the furnace corresponding to the batch
introducing port 15.

In the respective batch chargers 4A to 4D exemplified in
the figure, the batch feeding mechanisms 42 are configured
with screw feeders, respectively, and the glass batches fed
from the hoppers 44 are simultaneously sent out into different
regions in the same directions (directions shown by arrows)
by the batch feeding mechanisms 42. The charging amount
(total amount and distribution amount) of the glass batch by
each batch charger 4 can be adjusted by the number of rota-
tions of the screw thereof.

FIGS. 7 and 8 show a state of the liquid surface 7 of the
molten glass filled in the melting bath 2. In these figures,
portions shown by dots are unmolten glass batches 70 floating
or exposed on the liquid surface 7. The unmolten glass
batches 70 are widely distributed in the upstream region
where the batch charging ports 151 and 15R are positioned,
and the distribution amount thereof is reduced toward the
downstream region.
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The molten state of the glass batch charged into the melting
bath 2 of the glass melting furnace 1 by the left and right batch
chargers 41, and 4R is being monitored by using the image-
capturing device 6 to observe the distribution state of the
unmolten glass batches in a specified partial region. The
image-capturing device 6 is placed above the downstream end
of'the melting bath 2, and the angle of view and direction of a
lens thereof are set so as to contain the entire liquid surface 7
of the melting bath 2 within a viewing field thereof.

FIGS. 7 and 8 show specific examples of methods for
monitoring a molten state of the glass batch charged into the
melting bath 2 and methods for controlling the charging
amount of the glass batch.

As shown in FIG. 7, according to a first method, a pair of
left and right monitored regions 201, and 20R having the same
rectangular shape and the same size are set side by side along
a width direction at horizontally symmetrical positions in the
upstream region of the melting bath 2, and it is determined
whether the quality of the molten state of the charged glass
batch is favorable or not and whether the amounts of the glass
batch charged into the melting bath 2 by the batch chargers 41,
and 4R are appropriate or not on the basis of how much of the
unmolten glass batches 70 are unevenly distributed in which
one of the monitored regions 201, and 20R. Note that the sizes
of the monitored regions 20L. and 20R do not always have to
be the same.

Specifically, regions 211, and 21R to be measured, corre-
sponding to the monitored regions 201, and 20R, are set on an
image of the liquid surface 7 of the melting bath 2 obtained by
the image-capturing device 6. Assuming that the areas of the
regions 211 and 21R to be measured are equal to SL, and SR,
respectively (in this embodiment, SL,=SR,), the total areas
S; and S of the image portions representing the unmolten
glass batches 70 included in the respective regions 21L. and
21R to be measured (hereinafter simply referred to as “batch
image portions”) are measured respectively, and then, the
occupying ratios k; (=S;x100/SL,) and k, (=Szx100/SR,) of
the total areas S; and S; of the batch image portions with
respect to the areas SL, and SR, are then calculated respec-
tively. Further, a difference Ak (=k,-kj) between the occu-
pying ratios is calculated.

Next, the calculated value of the difference Ak between the
occupying ratios is compared with predetermined positive
and negative thresholds TH. If Ak>TH, the amount of the
glass batch to be charged into the melting bath 2 from one
batch charger 4L is reduced while increasing the amount of
the glass batch to be charged into the melting bath 2 from the
other batch charger 4R. In this manner, the ratio of the charg-
ing amounts is changed so as to achieve the same distributions
of'the unmolten glass batches 70 and thereby correct uneven-
ness therebetween.

If the result of the comparison turns out to be Ak<-TH, the
amount of the glass batch to be charged into the melting bath
2 from one batch charger 4L is increased while reducing the
amount of the glass batch to be charged into the melting bath
2 from the other batch charger 4R. In this manner, the ratio of
the charging amounts is changed so as to achieve the same
distributions of the unmolten glass batches 70 and thereby
correct unevenness therebetween.

In this embodiment, in order to increase or decrease the
amount of the glass batch to be charged into the melting bath
2 by each of the batch chargers 41 and 4R, the number of
rotations in the pusher motor 54 of each of the batch chargers
41, and 4R is changed so as to change the reciprocation speed
of'the pusher 50 thereof. However, the number of frequencies
in the electromagnetic feeder 43 in each of the batch chargers
41 and 4R may be changed alternatively.
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Note that the height of the liquid surface in the melting bath
2 is kept constant by adjusting the total charging amount of
the glass batch made by both of the batch chargers 41 and 4R
onthe basis of detection signals from the liquid surface sensor
S2 to be described later.

As shown in FIG. 8, according to a second method, three
monitored regions 20A, 20B, and 20C having the same rect-
angular shape are set side by side along a longitudinal direc-
tion of the melting bath 2 in the respective batch charging
directions A, B, and C employed by each of the batch chargers
41, and 4R in each of the vicinities of the batch charging ports
151 and 15R in the upstream region of the melting bath 2. It
is then determined whether the quality of the molten state of
the charged glass batch is favorable or not and whether the
charging amounts (distribution amounts) of the glass batch
charged into the melting bath 2 in the respective batch charg-
ing directions A to C by the respective batch chargers 41 and
4R are appropriate or not on the basis of how much of the
unmolten glass batches 70 are distributed in the monitored
regions 20A and 20C placed at the both ends.

Although the monitored regions 20A and 20C placed at the
both ends are set to have the same size in this embodiment,
they may have different sizes. Further, although the distribu-
tion states of the unmolten glass batches at the monitored
regions 20A and 20C placed at the both ends from among the
three monitored regions 20A, 20B, and 20C are obtained in
the illustrated example, the distribution states of the unmolten
glass batches may be obtained at two monitored regions with
a different combination or the distribution state of the unmol-
ten glass batches may be obtained at any one of the monitored
regions.

Also in the embodiment shown in FIG. 6, monitored
regions having the same rectangular shape are set side by side
along a width direction of the melting bath 2 in the batch
charging directions employed by the plurality of batch charg-
ers 4A to 4D, respectively. Then, it is determined whether the
quality of the molten state of the charged glass batch is favor-
able or not and whether the charging amounts (distribution
amounts) of the glass batch charged into the respective moni-
tored regions in the melting bath 2 by the batch chargers 4A to
4D are appropriate or not on the basis of how much of the
unmolten glass batches 70 are distributed in predetermined
one or more of the monitored regions.

Note that the monitored region based on which whether the
distribution state of the glass batch is appropriate or not is
determined may be fixed to any one of a plurality of moni-
tored regions, or it may be changed sequentially.

In the specific example of FIG. 8, regions 21A and 21C to
be measured, corresponding to the monitored regions 20A
and 20C above, are set on the image of the liquid surface 7 in
the melting bath 2 obtained by the image-capturing device 6.
Assuming that the areas of the regions 21A and 21C to be
measured are equal to SA, and SC,, respectively (in this
embodiment, SA,=SC,), the total areas S , and S . of the batch
image portions included in the respective regions 21A and
21C to be measured are measured respectively, and the occu-
pying ratios k , (=S x100/SA,) and k. (=S -x100/SC,) of the
total areas S, and S of the batch image portions with respect
to the areas SA, and SC,, are then calculated, respectively.

Next, the calculated value of one of the occupying ratios,
k,, is compared with predetermined thresholds TH1 and TH2
(where TH2<TH1). If k ,>TH1, the amount of the glass batch
to be charged in the batch charging direction A from each of
the batch chargers 41, and 4R is reduced. If k,<TH2, the
amount of the glass batch to be charged into the melting bath
2 in the batch charging direction A from each of the batch
chargers 41, and 4R is increased. In this manner, the time
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length of the batch charging period T , for the batch charging
direction A is controlled so that the occupying ratio k, is a
value which falls within a certain range.

Similarly, the calculated value of the other occupying ratio
k. is compared with predetermined thresholds TH3 and TH4
(where TH4<TH3). If k >TH3, the amount of the glass batch
to be charged in the batch charging direction C from each of
the batch chargers 41, and 4R is reduced. If k<TH4, the
amount of the glass batch to be charged in the batch charging
direction C from each of the batch chargers 41 and 4R is
increased. In this manner, the time length of the batch charg-
ing period T for the batch charging direction C is controlled
so that the occupying ratio k.. is a value which falls within a
certain range.

Note that when the sum of the batch charging periods T,
and T, (T +T ) is changed, the batch charging period 2T for
the batch charging direction B is correspondingly adjusted to
T—(T +To).

In the embodiment shown in FIG. 6, for any one of the
batch chargers, the occupying ratio of the total area of the
batch image portions within the region to be measured is
calculated, and the number of rotations of the screw thereof'is
changed on the basis of a comparison result between the
calculated value and a predetermined threshold so as to
increase or decrease the charging amount (distribution
amount) of the glass batch. For the other batch chargers, the
numbers of rotations of the screws thereof are uniformly
adjusted to change the charging amounts (distribution
amounts) of the glass batch.

As shown in FIG. 7, according to a third method, a moni-
tored region 20D is set in the downstream region of the
melting bath 2, and it is determined whether the quality of the
molten state of the charged glass batch is favorable or not on
the basis of how much of the unmolten glass batches 70 are
traveled down to the monitored region 20D in the downstream
region from the upstream region.

Specifically, a region 21D to be measured, corresponding
to the monitored region 20D above, is set on the image of the
liquid surface 7 in the melting bath 2 obtained by the image-
capturing device 6. Assuming that the area of the region 21D
to be measured is equal to SD,, the total area S, of the batch
image portions included in the region 21D to be measured is
measured, and then the occupying ratio k, (=S ,x100/SD,,) of
the total area S, of the batch image portions with respect to
the area SD,, is then calculated.

Next, the calculated value of the occupying ratio k, is
compared with a predetermined threshold THS. If k,,>THS,
an alarm 9 not shown in this figure (shown in the block
diagram of FIG. 10) is actuated so as to urge an operator to
take a countermeasure such as an adjustment of the burning
capacity of the combustion burners 3L and 3R. If the condi-
tion of k,,<THS5 is achieved, the actuation of the alarm 9 is
stopped.

FIG. 9 shows a general configuration of a control system
for controlling the charging and heating operations of the
glass batch in the glass melting furnace 1 described above.

In this figure, reference numeral 31 denotes a change-over
switch used to supply fuels to the left and right combustion
burners 3L and 3R in an alternate manner for combustion.
Reference numeral 32 denotes a control valve used to control
the supply of the fuels to the change-over switch 31. The
switching operation of the change-over switch 31 and the
opening and closing operations of the control valve 32 are
controlled by a control device 8.

The image-capturing device 6 described above is formed
by a color television camera, for example, and NTSC video
signals are sent from the image-capturing device 6 to the
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monitoring television 60 through an image distributor 62. The
state of the liquid surface 7 in the melting bath 2, which is
changing momentarily, is displayed on the monitoring tele-
vision 60 with color images. The video signals are distributed
to an image converter 63 by the image distributor 62. The
image converter 63 converts the color video into color still
images compressed in a JPEG format or the like, and supplies
the color still images to the image processing device 61.

The image processing device 61 downloads the color still
images from the image converter 63, and performs an image
processing thereto according to anyone of the first to third
methods described above. After measuring the total area of
the batch image portions included in the region to be mea-
sured and the occupying ratio thereof, the image processing
device 16 determines whether the quality of the molten state
of the glass batch is favorable or not on the basis of the
measured values and whether the amounts of the glass batch
charged into the melting bath 2 from the batch chargers 4L
and 4R are appropriate or not. The determination results are
provided to the control device 8, and the control device 8
outputs, to the respective batch chargers 41 and 4R, control
signals to increase or decrease the amounts of the glass batch
to be charged into the melting bath 2 from the batch chargers
41 and 4R on the basis of the determination result according
to the first or second method.

The control device 8 is formed by a microcomputer, and
includes a CPU 80 to perform a predominant role in control
and computing, a ROM 81 for storing a program and fixed
data, a RAM 82 for storing various data, and the like as shown
in FIG. 10. Connected to the CPU 80 via a bus 83 are output
sections such as the image processing device 61, the pusher
motors 54, swing motion motors 48, and electromagnetic
feeders 43 of the left and right batch chargers 41 and 4R, the
change-over switch 31 and the control valve 32 for control-
ling fuel supply, and the alarm 9, and input sections such as
the timer 84, a temperature sensor S1, the liquid surface
sensor S2, a level sensor S3, and the angular position detector
47. The CPU 80 executes the program stored in the ROM 81
and controls a series of input and output operations for the
respective input and output sections while writing and read-
ing data to and from the RAM 82.

In the above-described configuration shown in FIG. 10, the
electromagnetic feeder 43 is to resupply the glass batch to the
hopper 44 when the level sensor S3 detects that the amount of
the glass batch retained in the hopper 44 in each of the batch
chargers 41 and 4R has decreased below the set amount. Once
the glass batch is resupplied up to the set level, the resupply
operation of the electromagnetic feeder 43 is stopped. The
alarm 9 is actuated when the unmolten glass batches 70 in an
amount greater than the set amount are traveled down to the
monitored region 20D in the downstream region of the melt-
ing bath 2 so as to notify an operator of the situation. The
timer 84 times the passages of the swing motion stop periods
T, to T in each of the batch chargers 4L and 4R. The tem-
perature sensor S1 measures the temperature in the melting
section 10 of the glass melting furnace 1 in order to adjust the
temperature in the furnace. The liquid surface sensor S2 is to
output a detection signal according to the height of the liquid
surface and is placed in the clarifying section 11 described
above. The total charging amount of the glass batch is con-
trolled on the basis of the detection signal from the liquid
surface sensor S2 so that the liquid surface 7 of the melting
bath 2 is kept at a constant height.

The image processing device 61 described above is also
formed by a microcomputer, and includes a CPU to perform

20

40

45

55

65

14

a predominant role in control and computing, a ROM for
storing a program and fixed data, and a RAM used for the
writing and reading of data.

The CPU of the image processing device 61 sequentially
executes steps (denoted as “ST” in the figure) shown in FIG.
11 in accordance with the program stored in the ROM to
determine whether the amounts of the glass batch charged by
the left and right batch chargers 41. and 4R are appropriate or
not. If it is determined that the charging amounts are not
appropriate, the CPU of the image processing device 61
instructs the control device 8 to change the charging amounts
of the glass batch by an increase or decrease thereof.

Next, the steps of FIG. 11 will be described. In ST1, the
CPU of the image processing device 61 is on standby for the
download of images. At the image download timing, the
determination in ST1 is changed to “YES” and the step pro-
ceeds to ST2 where the color still images are downloaded
from the image converter 63. Then, the step proceeds to an
image processing step to be described below.

The image download timing in the image processing
device 61 corresponds to a timing at which the flame f of the
combustion burners 3L and 3R disappears and a good visibil-
ity for the image-capturing device 6 is thereby obtained, i.e.,
a timing at which a combustion operation of the combustion
burners 3L and 3R is switched to another as shown in FIG. 12.

Each of the combustion burners 3L and 3R repeats a com-
bustion operation and a combustion stop operation in an alter-
nate manner at regular time intervals T, A combustion
switching period t, during which the switching therebetween
is performed is allocated to periods t2,t3, and t4 during which
processes for the image downloading, the image processing,
and the change of the charging amounts are performed. Note
that in this figure, t1 represents a period required for the flame
to disappear from the glass melting furnace 1 after the com-
bustion operation of the combustion burners 3L and 3R is
stopped. During the following predetermined period t2, a
plurality of images are downloaded into the image processing
device 61 at regular time intervals.

Returning now to FIG. 11, after the plurality of images are
downloaded in ST2, image portions to be subjected to an
image processing are trimmed and unnecessary image por-
tions are removed in the following ST3. In the following
preprocessing step in ST4, each color image is first changed
to a monochrome image, and the plurality of downloaded
images are overlaid on one another so as to obtain one sample
image in which the concentration of each pixel is averaged for
the purpose of noise removal. This sample image is an image
obtained when the liquid surface 7 of the molten glass in the
melting bath 2 is viewed downwardly from an obliquely
upward position. Thus, a correction process for correcting
such an image to an image as viewed downwardly from a
position directly above is executed, and an image to be mea-
sured is thus obtained.

After the above-described preprocessing step in ST4 is
completed, the process proceeds to the following ST5. In
STS5, the above-described regions to be measured, i.e., the
regions 211, and 21R to be measured shown in FIG. 7 in a case
where the first method is implemented, or the regions 21A
and 21C to be measured shown in FIG. 8 in a case where the
second method is implemented, or the region 21D to be mea-
sured shown in FIG. 7 in a case where the third method is
implemented, are set in the image to be measured. Thereafter,
the image within the region to be measured is subjected to a
binarization process so as to convert a grayscale image to a
binary image (ST6).

In the following ST7, the total area of the batch image
portions included in the region to be measured is measured.
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This area measurement is achieved for example by counting
the number of pixels (black pixels, for example) forming the
batch image portions from among black and white pixels
forming the binary image. After the area measurement in
ST7, the occupying ratio of the total area of the batch image
portions with respect to the area of the region to be measured
is calculated, and it is determined whether the amount of the
glass batch charged by each of the batch chargers 41 and 4R
is appropriate or not in the following ST8. If it is determined
that the charging amounts are not appropriate as a result of the
determination, the determination in the following ST9 will be
“NO” and the process proceeds to ST10 where the control
device 8 is instructed to change the charging amounts by an
increase or decrease thereof.

REFERENCE SIGNS LIST

1 glass melting furnace

2, 100 melting bath

4L, 4R, 4A to 4D batch charger
6 image-capturing device

7 liquid surface

8 control device

61 image processing device

70 unmolten glass batch

The invention claimed is:

1. A glass melting furnace batch charging control device
for controlling a charging amount of glass batch material on
the basis of a molten state of glass batch material charged into
a melting bath of a glass melting furnace by a first batch
charger and a second batch charger, the molten state being
determined on the basis of a distribution state of unmolten
glass batch material in a first partial region of the melting bath
that is disposed adjacent the first batch charger and in a
second batch charger that is disposed adjacent the second
batch charger, the device comprising:

image-capturing means for capturing an image of a liquid

surface of the melting bath from a position above the
melting bath;

area measuring means for setting first and second regions

to be measured in an image obtained by the image-
capturing means, the first region to be measured lying in
the first partial region and the second region to be mea-
sured lying in the second partial region, and for measur-
ing occupying ratios of areas occupied by unmolten
glass batch material in the first and second regions to be
measured,;

determination means for recognizing a distribution state of

the unmolten glass batch material in the first and second
partial regions from measured values obtained by the
area measuring means, and for determining whether a
quality of the molten state of the glass batch material is
favorable or not; and

control means for controlling an amount of glass batch

material to be charged into the melting bath by the first
and second batch chargers on the basis of the determi-
nation result made by the determination means.

2. The glass melting furnace batch charging control device
according to claim 1, wherein:

the first and second batch chargers are provided at horizon-

tally symmetrical positions on both sides of an upstream
region of the melting bath;

the area measuring means sets the first and second regions

to be measured at horizontally symmetrical positions in
a region corresponding to the upstream region on the
image, and measures respective occupying ratios of
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areas occupied by image portions representing unmol-
ten glass batch material in the regions to be measured;
and

the determination means recognizes distribution states of

the unmolten glass batch material in the first and second
partial regions from differences between measured val-
ues obtained by the area measuring means, and deter-
mines whether the quality of the molten state of glass
batch material is favorable or not.

3. The glass melting furnace batch charging control device
according to claim 2, wherein:

the determination means compares differences between

the occupying ratios of the areas occupied by the image
portions representing unmolten glass batch material in
the first and second regions to be measured with a thresh-
old to recognize the distribution states of the unmolten
glass batch material in the first and second partial
regions and thereby determine whether the quality ofthe
molten state of glass batch material is favorable or not;
and

the control means changes a ratio of the charging amounts

of glass batch material by the first and second batch
chargers when the determination means makes a deter-
mination that the quality of the molten state is not favor-
able.

4. The glass melting furnace batch charging control device
according to claim 1, wherein:

at least one further first region to be measured lies in the

first partial region and at least one further second region
to be measured lies in the second partial region;

the area measuring means measures occupying ratios of

any one of the first regions to be measured and any one
of the second regions to be measured; and

and the determination means recognizes a distribution state

of the unmolten glass batch material from measured
values obtained by the area measuring means, and deter-
mines whether the quality of the molten state of the glass
batch material is favorable or not.

5. The glass melting furnace batch charging control device
according to claim 4, wherein:

the determination means compares the occupying ratio of

the unmolten glass batch material in the first and second
regions to be measured with a threshold to recognize the
distribution state of the glass batch material in the partial
regions and thereby determine whether the quality ofthe
molten state of the glass batch material is favorable or
not; and

the control means controls the amount of the glass batch

material to be charged into each of the partial regions by
the first and second batch chargers when the determina-
tion means makes a determination that the quality of the
molten state is not favorable.

6. A batch charging control device for use with a glass
melting furnace having first and second ends and left and right
sides, a left batch charger being disposed at the left side
adjacent the first end to introduce glass batch material to a left
interior region of the furnace and a right batch charger being
disposed at the right side adjacent the first and to introduce
glass batch material to a right interior region of the furnace,
said control device comprising:

image-capturing means, disposed adjacent the second end

of the furnace, for capturing images of the left and right
interior regions of the furnace;

measuring means for measuring left and right occupying

ratios of areas occupied by unmolten glass batch mate-
rial in predetermined portions of the images of the left
and right interior regions;



US 9,103,799 B2

17

determination means for determining whether the left and
right occupying ratios satisfy at least one predetermined
criterion; and

control means for controlling the left and right glass batch

chargers in response to the determination means.

7. The control device of claim 6, wherein the at least one
predetermined criterion includes whether the difference
between the left occupying ratio and the right occupying ratio
exceeds a predetermined threshold value.

8. The control device of claim 6, wherein the at least one
predetermined criterion includes whether the left occupying
ratio is greater than a first predetermined ratio or smaller than
a second predetermined ratio, and also whether the right
occupying ratio is greater than a third predetermined ratio or
smaller than a fourth predetermined ratio.
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